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Description 
Related Applications 

[0001] The present application claims the benefit of; 
U.S. Provisional Application No. 60/435,213 filed De- 
cember 20. 2002. and entitled ""Laser Diode With Self- 
Aligned index Guide And VIsT; U.S. Provisional Applica- 
tion No. 60/434,914 filed December 20. 2002, and enti- 
tled "Laser Diode With Surface Depressed Ridge 
WaveguideT; U.S. Provisional Application No. 
60/434,999 filed December 20. 2002 and entitled "laiser 
Diode with Etched Mesa StructureT; and U.S. Provisional 
Application No. 60/435.21 1 filed December 20, 2002. and 
entitled *L^ser Diode With Metal Current Spreading Lay- 
er," The disclosures of each of these provisional appli- 
cations are hereby incorporated herein In their entirety 
by reference. 

[0002] The present application is also elated to: U.S. 

Application No. (Attorney Docket 

No. 5308-281) entitled "Methods Of Forming Semicon- 
ductor Devices Having Self Aligned Semiconductor Me- 
sas and Contact Layers And Related Device^ filed con- 
currently herewith; U.S. Application No. 

(Attorney Docl<et No. 5308-280) 

entitled "Methods Of Fonning Semiconductor Mesa 
Structures Including Self-Aligned Contact Layers And 
Related Device^ filed concurrently herewith; and U.S. 

Application No. (Attorney Docket 

No. 5308-283) entitled "Methods. Of Forming Electronic 
Devices Including Semiconductor Mesa Structures And 
Conductivity Juncttons And Related DevicesT filed con- 
currently herewith. The disclosures of each of these U.S. 
Applications are hereby incorporated herein In their en- 
tirety by reference. 

Field Of The Invention 

[0003] The present invention relates to the field of elec- 
tronics, and more particularly to methods of fomiing sem- 
iconductor devices and related structures. 

Background 

[0004] A laser Is a device that produces a beam of 
coherent monochromatic light as a result of stimulated 
emission of photons. Stimulated emission of photons 
may also produce optical gain, which may cause light 
beams produced by lasers to have a high optical energy. 
A number of materials are capable of producing the lasing 
effect and include certain high-purity crystals (ruby is a 
common example), semiconductors, certain types of 
glass, certain gases including cartx)n dioxide, helium, 
argon and neon, and certain plasmas. 
[0005] More recently, lasers have been developed in 
semteonducting materials, thus taking advantage of the 
smaller size, lower cost and other related advantages 
typically associated with semiconductor devices. In the 



semiconductor arts, devices in which photons play a ma- 
jor role are refen^ to as "photonic" or "optoelectronic" 
devices, in tum. photonic devices Include light-emitting 
diodes (LEDs). photodetectors. photovoltaic devices, 
5 and semiconductor lasers. 

[0006] Semiconductor lasers are similar to other lasers 
in that the emitted radiation has spatial and temporal co- 
herence. As noted above, laser radiation is highly mon- 
ochromatic (i.e., of nanx>w band width) and it produces 

10 highly directional beams of light. Semiconductor lasers 
may differ, however, from other lasers in several re- 
spects. For example, In semiconductor lasers, the quan- 
tum transitions are associated with the band properties 
of materials; semiconductor lasers may be very compact 

IS in size, may have very nan^ow active regions, and larger 
divergence of the laser beam; the characteristics of a 
semiconductor laser may be strongly Influenced by the 
properties of the Junction medium; and for P-N junction 
lasers, the lasing action is produced by passing a fonvard 

20 current through the diode itself. Overall, semiconductor 
lasers can provide very efficient systems that may be 
controlled by modulating the current directed across the 
devices. Additionally, because semiconductor lasers can 
have very short photon lifetimes, they may be used to 

25 produce high-frequency modulation. In turn, the compact 
size and capability for such high-frequency modulation 
may make semiconductor lasers an important light 
source for optical fiber communications. 
[0007] In broad terms, the stnjcture of a semiconductor 

30 laser should provide optical confinement to create a res- 
onant cavity In which light amplification may occur, and 
electrical confinement to produce high cun-ent densities 
to cause stimulated emission to occur. Additionally, to 
produce the laser effect (stimulated emission of radia- 

35 tion), the semiconductor may be a direct bandgap mate- 
rial rather than an indirect bandgap material. As known 
to those familiar with semiconductor characteristics, a 
direct bandgap material Is one in which an electron's tran- 
sition from the valence band to the conduction band does 

^ not require a change in crystal momentum for the elec- 
tron. Gallium arsenkJe and gallium nitride are examples 
of direct bandgap semiconductors. In indirect bandgap 
semiconductors, the altemative situation exists; i.e.. a 
change of crystal momentum is required for an electron's 

45 transition between the valence and conduction bands. 
Silicon and silicon cariaide are examples of such Indirect 
semiconductors. 

[0008] A useful explanation of the theory, stmcture and 
operatbn of semiconductor lasers, including optical and 
50 electronte confinement and mirroring, is given by Sze. 
Physics of Semkx)nductor Devices, 2nd Edition (1981) 
at pages 704-742, and these pages are incorporated en- 
tirely herein by reference. 

[0009] As known to those familiar with photonic devic- 
es es such as LEDs and lasers, the frequency of electro- 
magnetic radiation (i.e., the photons) that can be pro- 
duced by a given semiconductor material may be a func- 
tion of the material's bandgap. Smaller bandgaps pro- 
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duce lower energy, longer wavelength photons, while 
wider bandgap materials produce higher energy, shorter 
wavelength photons. For example, one semiconductor 
commonly used for lasers Is aluminum Indium gallium 
phosphide (AllnGaP). Because of this material's band- 
gap (actually a range of bandgaps depending upon the 
mole or atomic fraction of each element present), the 
light that AllnGaP can produce may be limited to the red 
portion of the visible spectrum, I.e., about 600 to 700 
nanometers (nm). In order to produce photons that have 
wavelengths In the blue or ultraviolet portions of the spec- 
trum, semiconductor materials having relatively large 
bandgaps may be used. Group Ill-nitride materials such 
as gallium nitride (GaN), the ternary alloys Indium gallium 
nitride (InGaN), aluminum gallium nitride (AIGaN) and 
aluminum Indium nitride (AlInN) as well as the quatemary 
alloy aluminum gallium indium nitride (AllnGaN) are at- 
tractive candidate materials for blue and UV lasers be- 
cause of their relatively high bandgap (3.36 eV at room 
temperature for GaN). Accordingly, Group ill-nitride 
based laser diodes have been demonstrated that emit 
light in the 370-420 nm range. 
[0010] A number of commonly assigned patents and 
co-pending patent applications likewise discuss the de- 
sign and manufacture of optoelectronic devices. For ex- 
ample, U.S. Patent Nos. 6,459,100; 6,373.077; 
6.201,262; 6.187.606; 5.912,477; and 5,416,342 de- 
scribe various methods and structures for gallium-nitride 
based optoelectronic devices. U.S. Patent No. 5,838,706 
describes low-strain nitride laser diode structures. Pub- 
lished U.S. Application Nos. 20020093020 and 
20020022290 describe epitaxial structures fur nitride- 
based optoelectronic devices. Various metal contact 
structures and bonding methods, Including flip-chip 
bonding methods, are described In Published U.S. Ap- 
plication No. 20020123164 as well as Published U.S. Ap- 
plication No. 030045015 entitled Tllp Chip Bonding of 
Light Emitting Devices and Light Emitting Devices Suit- 
able for Flip-Chip Bonding"; Published U.S. Application 
No. 20030042507 entitled "Bonding of Light Emitting Di- 
odes Having Shaped Substrates and Collets for Bonding 
of Light Emitting Diodes Having Shaped Substrates", and 
Published U.S. Application No. 20030015721 entitled 
"Light Emitting Diodes Including Modifications for Sub- 
mount Bonding and Manufacturing Methods Therefor." 
Dry etching methods are described In U.S. Patent No. 
6,475,889. Passivation methods for nitride optoelectron- 
ic devices are described In U.S. Application Ser. No. 
08/920,409 entitled "Robust Group III Light Emitting Di- 
ode for High Reliability In Standard Packaging Applica- 
tions" and Published U.S. Application No. 20030025121 
entitled "Robust Group III Light Emitting Diode for High 
Reliability In Standard Packaging Applications." WO-A- 
01/95446 discloses a similar conventtonal method of 
manufacture. Active layer structures suitable for use In 
nitride laser dkKles are described In Published U.S. Ap- 
plication No. 20030006418 entitled "Group III Nitride 
Based Light Emitting Diode Structures with a Quantum 



Well and Superiattice, Group III Nitride Based Quantum 
Weil Structures and Group III Nitride Based Superiattice 
Structures" and Published U.S. Application No. 
20030020061 entitled "Ultraviolet Light Emitting Diode." 
s The contents of all of the foregoing patents, patent ap- 
plications and published patent applications are Incorpo- 
rated entirely herein by reference as If fully set forth here- 
in. 

[0011] Stress and/or pressure applied to a surface of 
10 an electronic device Including a semiconductor laser may 
damage a semiconductor structure providing the laser 
and/or electrical couplings therewith. 

Summary 

15 

[0012] According to embodiments of the present in- 
vention, methods of forming semiconductor devices may 
include forming a semiconductor structure on a substrate 
wherein the semiconductor structure defines a mesa ha v- 

20 ing a mesa surface opposite (I.e. remote from) the sub- 
strate and mesa sidewaiis between the mesa surfece 
and the substrate. A first passivation layer may be formed 
on at least portions of the mesa sidewaiis and on the 
substrate adjacent the mesa sidewaiis wherein at least 

2s a portion of the mesa surface is free of the first passivation 
layer and wherein the first passivation layer comprises a 
first material. In addition, a second passivation layer may 
be formed on the first passivation layer wherein at least 
a portion of the mesa surface Is free of the second pas- 

30 sivation layer, and wherein the second passivation layer 
comprises a second material different than the first ma- 
terial. 

[001 3] Moreover, at least a portion of the first passiva- 
tion layer adjacent the mesa surface may be free of the 

35 second passivation layer, and a combined thickness of 
the first and second passivation layers may be greater 
than a thickness of the mesa. More particulariy, a thick- 
ness of the first passivation layer may be greater than a 
thickness of the mesa, in additton, a contact layer may 

40 be formed on a portion of the mesa surface free of the 
first and second passivation layers, and a metal layer 
may be formed on the contact layer wherein the metal 
layer extends on at least a portion of the second passi- 
vatton layer opposite the substrate. Moreover, the metal 

45 layer and the contact layer may comprise different ma- 
terials. 

[0014] A portion of the first passivation layer may ex- 
tend on a portion of a surface of the contact layer opposite 
the substrate, or In an alternative, a portion of the contact 

so layer may extend on a portion of at least one of the first 
and/or second passivation layers opposite the substrate. 
The first material may include aluminum oxide, and the 
second material may Include silicon nitride. In addition, 
the semiconductor structure may include a P-type layer 

S5 and an N-type layer wherein at least a portion of the P- 
type layer and/or N-type layer is included the mesa. 
[0015] At least a portion of the mesa surface may be 
free of the first passivation layer before forming the sec- 



3 



5 



EP 1 573 870 B1 



6 



ond passivation layer. More particularly, the second pas- 
sivation layer may be formed on the first passivation layer 
and on the at least a portion of the mesa surfece free of 
the first passivation layer In addition, a hole may be 
formed in a portion of the second passivation layer ex- s 
posing the at least a portion of the mesa surface firee of 
the first passivation layer and exposing portions of the 
first passivation layer adjacent the mesa surface. 
[0016] Moreover, the first passivation layer may be 
formed across the mesa surface, and the second passi- io 
vation layer may be formed across the mesa surface so 
that the first and second passivation layers are both 
stacked across the mesa surfece. A hole may then be 
formed in the second passivation layer exposing portions 
of the first passivation layer opposite the mesa surface, is 
and afterfbrmingtheholein the second passivation layer, 
another hole may be formed in the first passivation layer 
exposing the at least a portion of the mesa surface. Be- 
fore forming the first passivation layer, a contact layer 
may be formed on the mesa surface. In an alternative, a 20 
contact layer may be formed on at least portions of the 
mesa surfece free of the first and second passivation 
layers after fomning the second passivation layer. 
[0017] Preferably, forming the hole in the portion of the 
second passivation layer comprises etching the second 25 
passivation layer using an etch chemistry that etches the 
second material of the second passivation layer prefer- 
entially with respect to the first material of the first pas- 
sivation layer. 

[001 8] Altematively, forming the first passivation layer 30 
Is preceded by: forming a contact layer on the mesa sur- 
face, or forming the second passivation layer is followed 
by: fonning a contact layer on at least portions of the 
mesa surfece free of the first and second passivation 
layers. 3S 
[0019] According to additional embodiments of the 
present invention, methods of forming semiconductor de- 
vices may include forming a semiconductor structure on 
a substrate wherein the semiconductor structure defines 
a mesa having a mesa surface and mesa sidewaiis be- ^ 
tween the mesa surfece and the substrate. A passivation 
layer may be formed on the mesa sidewalls and on the 
substrate adjacent the mesa sidewalls, and the passiva- 
tion layer may have a via hole therein so that at least a 
portion of the mesa surface is free of the passivation lay- 45 
er. More particularly, the via hole may define a stair-step 
profile such that a first portion of the via hole has a first 
width and a second portion of the via hole has a second 
width different than the first width. 
[0020] The stair-step profile may include a plateau re- so 
gion between the first and second portions of the via hole 
having the first and second widths, and the plateau por- 
tion may be substantially parallel to the substrate. The 
first portion of the via hole having the first width may be 
between the second portion of the via hole having the ss 
second width and the mesa surface, and the second 
width may be greater than the first width. The passivation 
layer may include a first layer of a first material and sec- 



ond layer of a second material different than the first ma- 
terial, and the first portion of the via hole may be through 
at least a portion of the first layer and the second portion 
of the via hole may be through at least a portion of the 
second layer. More particularly, a thicltness of the first 
passivation layer may be greater than a thiclcness of the 
mesa. In addition, the first material may include aluminum 
oxide, and the second material may include silicon ni- 
tride. 

[0021] A contact layer may also be formed on the at 
least a portion of the mesa surfece free of the passivation 
layer, and a metal layer may be formed on the contact 
layer and on at least portions of the passivation layer. 
The contact layer and the metal layer may comprise dif- 
ferent materials, and a portion of the passivation layer 
may extend on a portion of the contact layer opposite the 
mesa surface. In an alternative, the contact layer may 
extend onto at least a portion of the passivation layer 
opposite the substrate. Moreover, the semiconductor 
structure may include a P-type layer and an N-type layer 
wherein at least a portion of the P-type layer and/or the 
N-type layer Is included in the mesa. ' 
[0022] According to still additional embodiments of the 
present invention, a semiconductor device Includes a 
semiconductor structure on a substrate wherein the sem- 
iconductor structure defines a mesa having a mesa sur- 
face and mesa sidewalls between the mesa surface and 
the substrate. A first passivation layer is on at least por- 
tions of the mesa sidewalls and on the substrate adjacent 
the mesa sidewalls wherein at least a portion of the mesa 
surface Is free of the first passivation layer and wherein 
the first passivation layer comprises a first material. A 
second passivation layer Is on the first passivation layer 
wherein at least a portion of the mesa surface Is free of 
the second passivation layer, and wherein the second 
passivation layer comprises a second material different 
than the first material. 

[0023] At least a portion of the first passivation layer 
adjacent the mesa surface may be free of the second 
passivation layer, and a combined thickness of the first 
and second passivation layers may be greater than a 
thickness of the mesa. Moreover, a thickness of the first 
passivation layer may be greater than a thickness of the 
mesa. 

[0024] The semiconductor device may also include a 
contact layer on a portion of the mesa surface free of the 
first and second passivation layers, and a metal layer on 
the contact layer wherein the metal layer extends on at 
least a portion of the second passivation layer opposite 
the substrate. Moreover, the metal layer and the contact 
layer may comprise different materials. A portton of the 
first passivation layer may extend on a portion of a sur- 
face of the contact layer opposite the substrate, or in an 
alternative, a portion of the contact layer may extend on 
a portion of at least one of the first and/or second passi- 
vation layers opposite the substrate. 
[0025] The first material of the first passivation layer 
may comprise aluminum oxkie, and the second material 
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of the second passivation layer may comprise silicon ni- 
tride. In addition, the semiconductor structure may in- 
clude a P-type layer and an N-type layer wherein at least 
a portion of the P-type layer and/or N-type layer is Includ- 
ed the mesa. Moreover, the first and second passivation 
layers may define a stair-step profile adjacent the at least 
a portion of the mesa surface free of the first and second 
passivation layers. 

[0026] Preferably, the second material comprises a 
material that can be etched preferentially with respect to 
the first material using a predetermined etch chemistry. 
[0027] According to yet additional embodiments of the 
present invention, a semiconductor device may include 
a semiconductor structure on a substrate wherein the 
semiconductor structure defines a mesa having a mesa 
surface and mesa sidewalls between the mesa surfece 
and the substrate. The semiconductor device may also 
include a passivation layer on the mesa sidewalls and 
on the substrate adjacent the mesa sidewalls. More par- 
tlculariy, the passivation layer may have a via hole therein 
so that at least a portion of the mesa surfece is free of 
the passivation layer wherein the via hole defines a stair- 
step profile such that a first portion of the via hole has a 
first width and a second portion of the via hole has a 
second width different than the first vi/idth. 
[0028] The stair-step profile may Include a plateau re- 
gion between the first and second portions of the via hole 
having the first and second widths, and the plateau por- 
tion may be substantially parallel to the substrete. In ad- 
dition, the first portion of the via hole having the first width 
may be between the second portion of the via hole having 
the second width and the mesa surface and the second 
width may be greater than the first width. 
[0029] The passivation layer may indude a first layer 
of a firet material and second layer of a second material 
different than the first material with the first portion of the 
via hole being through at least a portion of the first layer 
and with the second portion of the via hole being through 
at least a portbn of the second layer. A thickness of the 
first passivation layer may be greater than a thlcltness of 
the mesa, the first material of the first passivation layer 
may comprise aluminum oxide, and the second material 
of the second passivation layer may comprise silicon ni- 
tride. 

[0030] The semiconductor device may also include a 
contact layer on the at least a portion of the mesa surfeice 
free of the passivation layer and a metal layer on the 
contact layer and on at least portions of the passivation 
layer, and the contact layer and the metal layer may com- 
prise different materials. A portion of the passivation layer 
may extend on a portion of the contact layer opposite the 
mesa surface, or in an alternative, the contact layer may 
extend onto at least a portion of the passivation layer 
opposite the substrate. In addition, the semiconductor 
structure may includes a P-type layer and an N-type layer 
wherein at least a portion of the P-type layer and/or the 
N-type layer is included In the mesa. 



Brief Description Of The Drawings 
[0031] 

5 Figure 1 is a cross-sectional view illustrating semi- 
conductor devices according to embodiments of the 
present invention. 

Figures 2A-2D are cross-sectional views Illustrating 
steps of fomning semiconductor devices according 

10 to embodiments of the present invention. 

Figure 3 is a scanning electron microscope (SEM) 
photomicrograph of a semiconductor device accord- 
ing to embodiments of the present invention. 
Figure 4 is a cross-sectional view illustrating semi- 

is conductor devices according to additional embodi- 
ments of the present invention. 
Figures 5A-5D are cross-sectional views illustrating 
steps of forming semiconductor devices according 
to yet additional embodiments of the present inven- 

20 tion. 

Detailed Description 

[0032] The present invention will now be described 

25 more fully hereinafter with reference to the accompany- 
ing drawings, in which prefenBd embodiments of the in- 
vention are shown. The Invention may, however, be em- 
bodied in different forms and should not be construed as 
limited to the embodiments set forth herein. Rather, these 

30 embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope 
of the invention to those sicilled In the art. In the drawings, 
the thidcness of layers and regions are exaggerated for 
clarity. It will also be understood that when a layer is 

35 refen-ed to as being "on" another layer or substrate, It 
can be directly on the other layer or substrate, or Inter- 
vening layers may also be present. It will also be under- 
stood that when an element is referred to as being "cou- 
pled" or "connected" to another element, it can be directly 

40 coupled or connected to the other element, or intervening 
elements may also be present. Like numbers refer to like 
elements throughout. Furthermore, relative terms such 
as "vertical" and "horizontal" may be used herein to de- 
scribe a relationship with respect to a substrate or base 

45 layer as illustrated in the figures. It will be understood 
that these terms are intended to encompass different ori- 
entations of the device in addition to the orientation de- 
picted in the figures. 

[0033] Group lll-V materials such as Group Ill-nitride 
50 materials may be made P-type by doping them with P- 
type impurities such as magnesium. However, P-type ni- 
tride semiconductors may have relatively low carrier ac- 
tivation rates and relatively low canier mobilities. Accord- 
ingly, P-type nitride semiconductor materials may have 
55 ralativeiy high resistivities. Because laser diodes may re- 
quire relatively high cun^ent levels to provkJe conditions 
for lasing, it may be beneficial for an ohmic contact to a 
P-type nitride material to cover as much surface area as 
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possible. 

[0034] Formation of laser diodes may Include etching 
a mesa stripe Into an epitaxial layer of a semiconductor 
material. Because the mesa stripe may be relatively nar- 
row (on the order of approximately 2 microns In width), s 
the mesa stripe may not have a high degree of mechan- 
ical stability, and the mesa stripe may be damaged rel- 
atively easily during subsequent fabrication steps such 
as bar coating, die attach, wafer bonding, etc. A mesa 
stripe may be fomned within a trench of the semiconductor io 
material and/or substrate with the trench having a depth 
greater than or equal to the height of the mesa to provide 
mechanical stability and/or protection. 
[0035] As shown In Figure 1, structures according to 
embodiments of the present invention may provide me- is 
chanical protection for a semiconductor mesa stripe. 
Moreover, the structure of Figure 1 may be fabricated 
using steps that may be relatively repeatable and accu- 
rate. According to embodiments of the present invention, 
a semiconductor device may include a substrate 12. an 20 
epitaxial semiconductor structure 14 including a mesa 
20, a first passivation layer 30, a second passivation layer 
40, ohmlc contact layers 26 and 27, and a metal overt ayer 
50. Moreover, the epitaxial semiconductor structure 14 
may include a Group lll-V compound semiconductor ma- 25 
terial such as a Group ill-nitride compound semiconduc- 
tor matertal. The ohmic contact layers 26 and 27 may 
each comprise a layer of a metal such as nickel, titanium, 
platinum, and/or palladium. The metal overlayer 50 may 
comprise a layerof a metal such as nickel, gold, platinum, ^ 
titanium, tungsten, molybdenum, tantalum, and/or palla- 
dium. 

[0036] In some embodiments, the substrate 12 may 
include substrate materials such as N-type silicon car- 
bMe having a polytype such as 2H. 4H. 6H, 8H, 15R, ^ 
and/or 3C; sapphire; gallium nitride: and/or aluminum ni- 
tride. Moreover, the substrate 12 may be conductive to 
provide a "vertical" device having a "vertical" current flow 
through the epitaxial semiconductor structure 14 and the 
substrate 12. in an alternative, the substrate 12 may be ^0 
insulating or semi-Insulating where both ohmic contacts 
are provided on a same side of the substrate to provide 
a "horizontal" device. A conductive substrate could also 
be used In a "horizontal" device. Moreover, the term sub- 
strate may be defined to include a non-patterned portion 45 
of the semiconductor material making up the semicon- 
ductor structure 14. and/or there may not be a material 
transition between the substrate 12 and the semiconduc- 
tor stnjcture 14. 

[0037] Portions of the epitaxial semiconductor struc- so 
ture 14 may be patterned into a mesa stripe, for example, 
to provide optical and/or current confinement. As shown, 
only a portion of the epitaxial semiconductor structure 14 
is Included in the mesa 20. For example, the epitaxial 
semiconductor structure 14 may Include N-type and P- ss 
type layers and portions of one or both of the N-type and 
P-type layers may be included in the mesa 20. According 
to particular embodiments, the epitaxial semiconductor 



structure 14 may include an N-type layer adjacent the 
substrate 12 and a P-type layer on the N-type layer op- 
posite the substrate 12. The mesa may include portions 
of the P-type layer and none of the N-type layer; all of 
the P-type layer and portions (but not ail) of the N-type 
layer; or all of the P-type and N-type layers (such that 
sidewalls of the mesa 20 extend to the substrate 12). 
[0038] As discussed in greater detail in U.S. Applica- 
tion Serial No. (Attomey Docket 

No. 5308-281) filed concunently herewith, a unifomniy 
thick layer of the epitaxial semiconductor material may 
be formed, and the mesa 20 may be formed by selectively 
etching the epitaxial semiconductor material. Moreover, 
a thickness of the mesa 20 may be detemnined by a depth 
of the etch used to form the mesa. According to embod- 
iments of the present inventton, the mesa etch depth (and 
resulting mesa thickness) may be in the range of approx- 
imately 0.1 to 5 microns, and according to additional em- 
bodiments may be no greater than approximately 2.5 mi- 
crons. In addition, a width of the mesa surface 20A be- 
tween mesa sidewalls may be In the range of approxi- 
mately 1 to 3 microns. As shown in Figure 1 , the ohmic 
contact layer 26 may be formed on a portion of the mesa 
surface 20A. Moreover, the surface portion of the mesa 
may be a P-type semiconductor material. 
[0039] The first passivation layer 30 may protect and 
insulate the epitaxial semiconductor structure 14 includ- 
ing the mesa 20. The first passivation layer 30, for ex- 
ample, may include a layer of an insulating material such 
as silicon dioxide, silicon nitride, aluminum oxide, and/or 
combinations thereof, and the first passivation layer 30 
may be formed using a deposition technique such as 
plasma enhanced chemical vapor deposition (PECVD), 
low pressure chemical vapor deposition (LPCVD), chem- 
ical vapor deposition (CVD), sputtering, and/or e-beam 
evaporation. Moreover, the first passivation layer may be 
fabricated as discussed, for example, in U.S. Application 

Ser. No. (Attorney Docket No. 

5308-280) filed concurrently herewith, and/or in U.S. Ap- 
pllcatton Ser. No. (Attomey Dock- 
et No. 5308-281 ) filed concun-ently herewith. The disclo- 
sures of both of these applications are incorporated here- 
in in their entirety by reference. 
[0040] The second passivatton layer 40. for example, 
may include a layer of an insulating material such as sil- 
icon dioxide, silicon nitride, aluminum oxide and/or com- 
binations thereof, and the second passivation layer may 
be formed using a deposition technique such as plasma 
enhanced chemical vapor deposition (PECVD), iowpres- 
sure chemical vapor deposition (LPCVD), chemical va- 
por deposition (CVD), sputtering, and/or e-beam evapo- 
ration. According to particular embodiments of the 
present inventk)n. the first passlvatbn layer may be 
formed of a first material, and the second passivation 
layer may be formed of a second material different than 
the first material. Accordingly, the first passivation layer 
may provide an etch selectivity with respect to the second 
passivation layer for one or more etch chemistries. Stated 
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in other words, the second passivation layer 40 may be 
more susceptible to certain etch chemistries than the first 
passivation layer so that a via hole 42 can be formed In 
the second passivation layer without significantly etching 
the first passivation layer. According to particular embod- 
iments, the second passivation layer 40 may include a 
layer of silicon nitride, and the first passivation layer 30 
may Include a layer of aluminum oxide. 
[0041] in some embodiments, the second passivation 
layer 40 may be sufficiently thick so that a surface of the 
second passivation layer opposite the substrate Is sub- 
stantially higher than the top surface 20B of the mesa 20 
relative to the substrate 12. in an alternative, a combined 
thici^ness of the first and second passivation layers 30 
and 40 may be greater than a thici(ness of the mesa 20 
to a degree sufficient to provide mechanical stability and 
protection to the mesa 20. According to particular em- 
bodiments, the first passivation layer may have a thiclc- 
ness In the range of approximately 0.1 to 2 microns, and 
the second passivation layer 40 may have a thicitness in 
the range of approximately 0.1 to 5 microns. 
[0042] The ohmic contact 26 may be formed on the 
mesa surface 20B before or after forming either of the 
first and/or second passivation layers 30 and 40. The 
ohmic contact layer 26 may extend across a substantial 
entirety of a width of the mesa surface 208 between mesa 
sidewalls 20A, and/or portions of the first passivation lay- 
er 30 may extend on portions of the ohmic contact layer 
26 opposite the substrate. In an alternative, portions of 
the first passivation layer 30 may extend directly on the 
mesa surface, and/or portions of the ohmic contact layer 
may extend on portions of the first passivation layer 30 
opposite the mesa surface 208. 
[0043] A via 42 through the second passivation layer 
40 may expose portions of the ohmic contact layer 26 
and portions of the first passivation layer 30 adjacent the 
ohmic contact layer 26. The metal overiayer 50 may ex- 
tend across the second passivation layer 40, exposed 
portions of the first passivation layer 30, and/or exposed 
portions of the ohmic contact layer 26. Accordingly, the 
metal overiayer 50 may contact the ohmic contact 26 
through the via 42. The metal overiayer 50 may include 
a layer of a metal such as nickel, gold, platinum, titanium, 
tungsten, molybdenum, tantalum, palladium, and/or 
combinations thereof. 

[0044] In addition, the via 42 may have a width that Is 
greater than a width of the mesa surface 208 so that 
sidewalls of the via 42 are spaced apart from the mesa 
sidewalls 20A. According to particular embodiments, the 
via 42 may have a wkJth in the range of approximately 5 
to 15 microns. Accordingly, stress and/or pressure ap- 
plied to a surface of the passivation layer 40 may be 
directed away from the mesa 20. Moreover, portions of 
the passivation layer 30 exposed by the via 42 and the 
mesa 20 may be shielded from extemal stresses by the 
surrounding second passivation layer 40. 
[0045] According to particular embodiments of the 
present invention, a semiconductor device may include 



a semiconductor structure, such as epitaxial semteon- 
ductor structure 14, defining a mesa 20 having a mesa 
surfece 208 opposite the substrate 12 and mesa side- 
walls 20A between the mesa surface 208 and the sub- 

5 strata 12. A first passivation layer 30 may be provided 
on at least portions of the mesa sidewalls 20A and on 
the substirate 12 adjacent the mesa sidewads 20A where- 
in at least a portion of the mesa surface 208 is free of 
the first passivation layer 30. A second passivation layer 

10 40 may be provided on the first passivation layer 30 
wherein at least a portion of the mesa surface 208 Is free 
of the second passivation layer 40. Moreover, the first 
and second passivation layers may comprise different 
materials. In addition, a metal overiayer may be provided 

IS on the second passivation layer 40, on portions of the 
first passivation layer 30 free of the second passivation 
layer 40, and on portions of the mesa surface 208 free 
of the first and second passivation layers. An ohmic con- 
tact layer 26 may be provided between the metal over- 

20 layer 50 and the mesa surface 208, and the ohmic con- 
tact layer 26 and ttie metal overiayer 50 may comprise 
different materials. 

[0046] According to additional embodiments of the 
present Invention, a semiconductor device may include 

25 a semiconductor structure 14 on substrate 12, ttie sem- 
iconductor structure 14 defining a mesa surface 208 and 
mesa sidewalls 20A between the mesa surface 208 and 
the substrate 12. A passivation layer may be provided 
on the mesa sidewalls 20A and on the substrate 12 ad- 

30 jacent the mesa sidewalls with the passivation layer hav- 
ing a via therein so that at least a portion of the mesa 
surface is free of the passivation layer. More particularly, 
the via in the passivation layer may define a stair-step 
profile such that a first portion Vi of the via hole has a 

3S first wkith and a second portion of the via hole V2 has 
a second width 

[0047] W2 different than the first width . In addition, 
the via hole may include a plateau region P between the 
first and second portions of the via hole, and the plateau 

^ region P may be substantially parallel with the substrate 
12. More particularly, the second width W2 may be great- 
er than the first width W|. in addition, the second width 
W2 may be greater than a width of the mesa surface 208, 
and ttie first width W| may be less than a width of the 

<s mesa surface 208. According to some embodiments, the 
passivation layer may Include a layer of a single material 
pattemed to provide the stair-step profile. In an altema- 
tive, the passivation layer may include first and second 
passivation layers 30 and 40 of different materials so that 

so the second passivatton layer 40 can be selectively etched 
relative to the first passivation layer 30. 
[0046] Methods of fabricating semiconductor devices 
according to embodiments of the present Invention are 
illustrated in Figures 2A-2D. In particular, an epitaxial 

ss semiconductor structure 14 can be formed on a substrate 
12, with the epitaxial semiconductor structure 14 Includ- 
ing a mesa 20 having mesa sidewalls 20A and a mesa 
surface 208. The epitaxial semiconductor structure 14 
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may be formed by forming a un Iformly thick epitaxial sem- 
ioonductor layer and then selectively removing portions 
of the epitaxial semiconductor layer to form the mesa 20. 
Portions of the epitaxial semiconductor layer may be se- 
lectively removed using a wet or dry etch such as a re- 
active ion etch (RiE), an electron cyclotron resonance 
(ECR) plasma etch, and/or an inductively coupled plas- 
ma (ICP) etch. For example, the mesa 20 may be pat- 
terned using a dry etch in an argon (Ar) environment us- 
ing a chlorine (CI2) etchant. More particularly, the dry 
etch may include flowing argon (Ar) in the range of ap- 
proximately 2 to 40 seem and flowing chlorine (Ci2) in the 
range of approximately 5 to 50 seem in an RIE reactor 
at a pressure at a pressure in the range of approximately 
5 to 50 mlon* and at an RF power in the range of approx- 
imately 200 to 1000 W. While particular etch conditions 
have been provided by way of example, other etch con- 
ditions may be used. 

[0049] As shown, only a portion of the epitaxial semi- 
conductor structure 14 may be included In the mesa 20. 
In an alternative, ail of the epitaxial semiconductor struc- 
ture 14 may be included In the mesa 20 so that mesa 
sidewalls 20 A may extend to the substrate 12. The epi- 
taxial semiconductor structure 14 may include an N-type 
layer on the substrate and a P-type layer on the N-type 
layer opposite the substrate. The mesa 20 may include 
portions of the N-type layer and none of the P-type layer; 
all of the N-type layer and portions (but not all) of the P- 
type layer; or alt of the N-type and P-type layers (such 
that sidewalls of the mesa 20 extend to the substrate 1 2). 
[0050] The epitaxial semiconductor structure 14 may 
also Include an active layer between N-type and P-type 
layers. An active layer may include a number of different 
structures and/or layers and/or combinations thereof. 
The active layer, for example, may include single or mul- 
tiple quantum wells, double heterostructures, and/or su- 
perlattlces. An active layer may also Include light and/or 
cun^ent confinement layers that may encourage laser ac- 
tion in the device. 

[0051] A first passivation layer 30 may be formed on 
sidewalls 20A of the mesa 20 and on portions of the sub- 
strate 12 adjacent the mesa sidewalls 20A. As shown, ff 
the mesa sidewalls 20A do not extend to the substrate 
12, portions of the semiconductor structure 14 may re- 
main between the first passivatton layer 30 and the sub- 
strate adjacent the mesa sidewalls 20A. The first passi- 
vation layer 30 may be a layer or multiple sublayers of 
an insulating material such as silicon nitride, silicon di- 
oxide, aluminum oxide, and/or combinations thereof. 
Moreover, the first passivation layer 30 may be fomied 
using a deposition technique such as plasma enhanced 
chemical vapor deposition, low pressure chemical vapor 
deposition, chemical vapor deposition, sputtering, e- 
beam evaporation, and/or combinations thereof Accord- 
ing to particular embodiments, the first passivation layer 
30 may be a layer of aluminum oxide, and the first pas- 
sivation layer 30 may have a thickness In the range of 
approximately 0.1 to 2 microns. 



[0052] The first passivation layer 30 may include a via 
32 therein to provide electrical contact to the mesa sur- 
face 20B. The via 32, for example, may be fbrmed ac- 
cording to steps discussed in U.S. Patent Application Se- 
s rial No. (Attorney Docket No. 5308-280) filed concun-entiy 
herewith, and in U.S. Patent Application Serial No. (At- 
torney Docket No. 5308-281 ) filed concun^ently herewith. 
For example, the passivation layer 30 may be formed on 
the mesa surface 20B and then pattemed using photo- 

10 lithography to form the via 32 exposing portions of the 
mesa surface, and after fonming the via 32, an ohmic 
contact layer can be formed on the exposed portion of 
the mesa surface (either before or after forming a second 
passivation layer). In an aitemative, an ohmic contact 

15 layer may be formed on the mesa surface prior to forming 
the passivation layer, the passivation layer can be fonfned 
over the ohmic contact layer, and portions of the passi- 
vation layer on the ohmic contact layer can be removed. 
In another aitemative. an ohmic contact layer can be 

20 formed on the mesa surface, and a mask used to pattern 
the ohmic contact layer can be maintained while fonming 
the first passivation layer. The mask and portions of the 
passivation layer on the mask can be removed thereby 
exposing portions of the ohmic contact layer without re- 

25 qgiring a separate mask. 

[0053] As shown In Figure 2B, a second passivation 
layer 40 can be formed on the first passivation layer 30. 
The second passivation layer 40 may Include a layer or 
multiple sublayers of an insulating material such as sili- 

30 con nitride, silicon dioxide, and/or aluminum oxide, and 
the second passivation layer may be fbrnned using a dep- 
osition technique such as plasma enhanced chemical 
vapor deposition, low pressure chemical vapor deposi- 
tion, chemical vapor deposition, sputtering, e-beam 

35 evaporatton, and/or combinattons thereof. 

[0054] The first passivation layer 30 may comprise a 
first material, and the second passivation layer 40 may 
comprises a second material different than the first ma- 
terial. Accordingly, an etchant may be selected so that 

^ the second passivation layer 40 can be etched without 
significantly etching the first passivation layer 30 when 
forming a via through the second passivation layer 40. 
According to particular embodiments, the first passiva- 
tion layer 30 may comprise a layer of aluminum oxide, 

^5 and the second passivation layer 40 may comprise a lay- 
er of silicon nitride. Accordingly, the a via hole can be 
etched through the second passivation layer 40 to ex- 
pose portions of the first passivation layer without signif- 
icantly etching the second passivation layer. 

50 [0055] As shown in Figure 2C. a via 42 can be opened 
in the second passivation layer 40 by masking porttons 
of the second passivation layer to be maintained (by 
means such as photolithography) and etching exposed 
portions of the second passivation layer. If the via through 

55 the first passivation layer 20 has been previously formed, 
the via 42 may expose porttons of the mesa surface 20B 
without further processing. In an aitemative, a via through 
the first passivation layer 30 may be formed after forming 
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the via 42 through the second passivation layer 40. 
[0056] According to particular embodiments, the via 
42 may be formed in the second passivation layer by 
masking portions of the second passivation layer and 
etching the exposed portions of the second passivation 
layer using a reactive ion etch (RIE). More particularly, 
the RiE etch can be performed using a fluorine-based 
etch chemistry such as NF2 and/or CHF3. which may be 
used to etch silicon nitride selectively with respect to alu- 
minum oxide. Other etch chemistries may be used pro- 
vided that the etch chemistry exhibits selectivity in etch- 
ing the material of the second passivation layer with re> 
spect to the material of the first passivation layer. Etch 
chemistries based on NF2 and/or CHF3, for example, 
may selectively etch silicon nitride at a much higher rate 
that aluminum oxide. Accordingly, an aluminum oxide 
first passivation layer 30 may effectively act as an etch 
stop when etching the via 42 through a silicon nitride 
second passivation layer 40. 

[0057] Once portions of the mesa surface 20B and the 
first passivation layer 30 have been exposed by the via 
42, an ohmic contact 26 may be formed on the exposed 
portion of the mesa surface 20B as shown In Figure 2D. 
In alternatives, the ohmic contact layer may be formed 
before forming the first passivation layer 20B, or between 
fonming the first and second passivation layers 30 and 
40. A metal overiayer 50 can then be formed on the on 
the second passivation layer 40. on exposed portions of 
the first passivation layer 30 In the via. and on the ohmic 
contact layer 26 in the via. According to some embodi- 
ments, the ohmic contact layer and the metal overiayer 
may comprise respective layers of the same or different 
metals. In an alternative, a separate ohmic contact layer 
may not be required so that the metal overiayer is formed 
directly on exposed portions of the mesa surface 20B. 
[0058] A second ohmic contact layer 27 may also be 
formed on the substrate 12 opposite the semiconductor 
structure 14 to provide a "vertical" current path between 
the ohmic contact layers 26 and 27. While the ohmic 
contact layer 27 is shown as being formed after patterning 
the first and second passivation layers 30 and 40. the 
ohmic contact layer 27 may be fbnmed at an eariler stage 
of fabrication. Moreover, a second ohmic contact layer 
may instead be formed on a same side of the substrate 
12 as the first ohmic contact layer 26 to thereby provide 
a "horizontal" cunrent flow. 

[0059] According to embodiments of the present In- 
vention, a first passivation layer 30 may provide protec- 
tion and/or insulation for sidewalls 20A of a semiconduc- 
tor mesa 20, and a surface 20B of the semiconductor 
mesa may be exposed through the first passivation layer 
30 to provide a relatively precise pattem. Stated in other 
words, a pattern having a width less than a width of the 
mesa surface 20B may be formed in the first passivation 
layer 30 to expose portions of the mesa surface 20B 
and/or an ohmic contact layer 26 thereon. A second pas- 
sivation layer 40 can be formed on the first passivation 
layer 30. and the second passivation layer 40 can be 



patterned with a relatively Imprecise pattern to expose 
the mesa surface 20B and/or an ohmic contact layer 26 
thereon, and to expose portions of the first passivation 
layer 30 adjacent the mesa surface 20B. Stated in other 
s words, a pattem of the second passivation layer 40 may 
have a width that is significantly greater than a width of 
the mesa surface 20B. Accordingly, the second passi- 
vation layer 40 may provide protection for the mesa 20 
without requiring precise alignment of patterning for the 

10 second passivation layer 40. 

[0060] Figure 3 is a scanning electron microscope 
(SEM) photomicrograph of a stnjcture according to em- 
bodiments of the present invention. More particuiariy. 
Figure 3 Is a photomicrograph of a laser diode structure 

IS according to embodiments of the present Invention in- 
cluding a silicon carbide substrate 112 and an epitaxial 
semiconductor structure 114 comprising Group ill-nitride 
compound semiconductor materials. Portions of the 
semiconductor structure 1 14 have been patterned into a 

20 mesa 120 and may provide optical and/or current con- 
finement. An ohmic contact layer 126 Is provided on a 
surface of the mesa 120 opposite the substrate 112. A 
first passivation layer 130 of aluminum oxide may protect 
and/or insulate surfaces of the epitaxial semiconductor 

25 structure 114, and a second passivation layer 140 of sil- 
icon nitride is provided on the first passivation layer 130. 
A via 142 through the second passivation layer 140 ex- 
poses a portion of ohmic contact 1 26. and metal overiayer 
150 provides electrical contact with ohmic contact layer 

30 126 through the Via 142. 

[0061] Figure 4 is a cross sectional view illustrating 
structures according to additional embodiments of the 
present Invention. As shown, the structure may Include 
a substrate 21 2 . a semiconductor structure 21 4, an ohmic 

35 contact layer 226, and a first passivation layer 230 on 
the semiconductor structure and on portions of the ohmic 
contact layer 226. More particuiariy, the semiconductor 
structure 214 may Include a mesa 220 having mesa side- 
walls 220A and a mesa surface 220B, and the ohmic 

^ contact layer 226 may include sidewalls 226A and a con- 
tact surfece 226B. In embodiments illustrated in Figure 
4, theohmic contact layer226 can be formed before form- 
ing the passivation layer 230 so that portions of the first 
passivation layer 230 extend on portions of the ohmic 

45 contact layer 226. 

[0062] A second passivation layer 240 is provided on 
the first passivation layer, and a via 242 in the second 
passivation layer 240 may expose the contact surface of 
the ohmic contact layer 226 and portions of the first pas- 

so sivation layer 230 adjacent the ohmic contact layer 226. 
A width of the via 242 in the second passivation layer 
240 may be significantly greater than a width of the mesa 
surface 220B. In addition, a metal overiayer 250 may be 
provided on the second passivation layer 240. on ex- 

55 posed portions of the first passivation layer 230, and on 
the contact surface 226B of the ohmic contact layer 226. 
In addition, an ohmic contact layer 227 may be provided 
on the substrate 212 opposite the mesa 220. 



9 



17 



EP1573 870 B1 



18 



[0063] The semiconductor stmcture 214 may Include 
a Group lll-V compound semiconductor material such as 
a Group lll-nitrlde compound semiconductor material. 
Moreover, the semiconductor stmcture 214 may include 
an N-type layer on the substrate and a P-type layer on 
the N-type layer opposite the substrate 212. In addition, 
the mesa 220 may include portions of the P-type layer 
and none of the N-type layer; all of the P-type layer and 
portions (but not all) of the N-type layer; or all of the P- 
type and N-type layers (such that sidewalls 220A extend 
to the substrate 212). 

[0084] In some embodiments, the substrate 212 may 
Include substrate materials such as N-type silicon car- 
bide having a poiytype such as 2H, 4H, 6H, 8H, 15R, 
and/or 3C; sapphire; gallium nitride; and/or aluminum ni- 
tride. Moreover, the substrate 212 may be conductive to 
provide a "vertical" device having a "vertical" cun-entflow 
through the epitaxial semiconductor structure 214 and 
the substrate 212. In an alternative, the substrate 212 
may be insulating or semi-insulating where both ohmic 
contacts are provided on a same side of the substrate to 
provide a "horizontal" device. A conductive substrate 
could also be used in a "horizontal" device. Moreover, 
the term substrate may be defined to Include a non-pat- 
terned portion of the semiconductor material making up 
the semiconductor structure 214, and/or there may not 
be a material transition between the substrate 212 and 
the semiconductor structure 214. 
[0065] Figures 5A-D are cross-sectional views illus- 
trating steps of forming structures Illustrated In Figure 4. 
As shown in Figure 5A. a semiconductor structure 214 
including a mesa 220 may be formed on a substrate 212, 
and an ohmic contact layer 226 may be formed on a 
surface 220B of the mesa. A passivation layer 230 can 
then be fomiied on sidewalls 220A of the mesa 220, on 
portions of the substrate adjacent the mesa sidewalls 
220A and on portions of the ohmic contact layer 226. As 
shown in Figure 5A, the passivation layer230 may extend 
onto portions of beveled sidewalls 226A adjacent to the 
mesa sidewalls 220A while the contact surface 226B and 
portions of the beveled sidewalls 226A adjacent to the 
contact surface 226B are maintained free of the passi- 
vation layer 230. In an alternative, portions of the passi- 
vation layer 230 may extend onto surface portions of the 
ohmic contact layer parallel with the substrate. 
[0066] The mesa 220 and the ohmic contact layer 226. 
for example, may be fbnmed using a single patteming 
step as discussed, for example, in U.S Application Serial 

No. (Attorney Docket No. 

5308-281). More particularly, a semiconductor layer of 
uniform thickness may be formed, a contact metal layer 
may be formed on the semiconductor layer of uniform 
thickness, and a mask may be formed on the contact 
metal layer. The contact metal layer and the semicon- 
ductor layer can then be etched using the single mask 
to form the ohmic contact layer 226 and the mesa 220. 
Moreover, the mask may be maintained while forming 
the first passivation layer 230, and the mask and portions 



of the first passivation layer on the mask can be removed 
to expose the contact surface 226B of the ohmic contact 
layer. Accordingly, a single mask may provide alignment 
of the ohmic contact layer with the mesa surface, and 
5 the single mask may provide alignment of a "via" through 
the passivation layer exposing the contact surface 226A 
of the ohmic contact layer 226. 
[0067] In an altematlve. the ohmic contact layer 226 
and/or the passivation layer 230 may be patterned using 
10 a separate masking operation(s). For example, the mesa 
220 and the ohmic contact layer 226 may be patterned 
using a first mask, and a via may be pattemed in the 
passivation layer 230 using a second mask. In another 
alternative, the mesa 220 may be patterned using a first 
IS mask, the ohmic contact layer 226 may be patterned us- 
ing a second mask, and a via may be pattemed in the 
passivation layer 230 using a third mask. 
[0068] As shown In Figure 5B, a second passlvatton 
layer 240 can be fonned on the first passivation layer 
230 and on exposed portions of the ohmic contact layer 
226. Each of the first a second passivatton layers 230 
and 240 may comprise a layer of an insulting material 
such as silicon nitride, silicon dioxide, and/or aluminum 
oxide. Moreover, each of the first and second passivation 
layers 230 and 240 may comprise a different material 
such that the second passivation layer 230 can be etched 
using an etch chemistry that is selective with respect to 
the first passivation layer 240. For example, the first pas- 
sivation layer 230 may comprises a layer of aluminum 
oxide, the second passivation layer 240 may comprise a 
layer of silicon nitride, and a fluorine based etch chemistry 
may be used to etch the second passivation layer 240 
without etching the first passivation layer 230. 
[0069] As shown in Figure 5C. the second passivation 
layer 240 may be pattemed to expose the contact surface 
226B of the ohmic contact layer 226, and to expose por- 
tions of the first passivation layer 230 adjacent the ohmic 
contact layer 226. A width of the via 242 in the passivation 
layer 240 may be significantly greater than a width of the 
mesa surface 220B. More particularly, the mesa surface 
220A may have a width in the range of approximately 1 
to 3 microns, and the via 242 through passivation layer 
240 may have a width In the range of approximately 5 to 
15 microns. Accordingly, a high degree of precision may 
not be required when patteming the via 242 in the pas- 
sivation layer 240. As shown In Rgure 5D. a metal over- 
layer 250 can be formed on the passivation layer 240, 
on exposed portions of the first passivation layer 230, 
and on exposed portions of the ohmic contact layer 226. 
[0070] According to embodiments of the present in- 
vention, a first passivation layer may provide relatively 
precise exposure of an ohmic contact layer on a semi- 
conductor mesa (or exposure of a surface of the semi- 
conductor mesa) and protection of sidewalls of the mesa. 
A second passivation layer of a different material may 
provide structural protection for the mesa without requir- 
ing a high degree of precision in the patteming thereof. 
[0071] Semiconductor devices discussed above may 
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provide edge emitting semiconductor lasers with light be- 
ing emitted paraiiei to the substrate along a lengthwise 
direction of a semiconductor mesa stripe. Stated in other 
words, the light may be emitted along a direction perpen- 
dicular to the cross sections of figures discussed above. 
While methods and devices have been discussed with 
reference to methods of forming light emitting devices 
such as laser diodes, methods according to embodi- 
ments of the present invention may be used to form other 
semiconductor devices such as conventional diodes* 
conventional light emitting diodes, or any other semicon- 
ductor device including a semiconductor mesa. 
[0072] While this invention has been particularly 
shown and desalbed with reference to prefen^ed embod- 
iments thereof, It will be understood by those skilled In 
the art that various changes In form and details may be 
made therein without departing from the scope of the 
invention as defined by the appended claims and their 
equivalents. 



5. A method according to Claim 1 wherein the passi- 
vation layer comprises a first layer (30) of a first ma- 
terial and second layer (40) of a second material dif- 
ferent than the first material and wherein the first 
s portion (V^) of the via hole (42) is through at least a 
portion of the first layer (30) and wherein the second 
portion (V2) of the via hole (42) is through at least a 
portion of the second layer (40). 

10 6. A method according to Claim 5 wherein forming the 
passivation layer comprises etching the second lay- 
er (40) of the second material using an etch chem- 
istry that etches the second material of the second 
layer (40) preferentially with respect to the first ma- 

15 terlal of the first layer (30). 

7. A method according to Claim 6 wherein the first por- 
tion (V^) of the via hole (42) is formed through at 
least the portion of the first layer (30) befbre forming 
20 the second layer (40) of the second material. 



Claims 

1. A method of forming a semiconductor device, the 
method comprising: 



8. A method according to Claim 6 wherein the first por- 
tion (V^) of the via hole (42) Is formed through at 
least the portion of the first layer (30) after forming 
25 the second layer (40) of the second material. 



forming a semiconductor stmcture ( 1 4) on a sub- 
strate (12), the semiconductor structure (14) de- 
fining a mesa (20) having a mesa surface (20B) 
and mesa sidewails (20A) between the mesa 30 
surface (20) and the substrate (12); and 
forming a passivation layer on the mesa side- 
walls (20A) and on the substrate (12) adjacent 
the mesa sidewails (20A), the passivation layer 
(40) having a via hole (42) therein so that at least 3S 
a portion of the mesa surface (20B) is free of the 
passivation layer, characterised In that the via 
hole (42) defines a stair-step profile such that a 
first portion (V^) of the via hole (42) has a first 
width (W^) and a second portion (V2) of the via ^ 
hole (42) has a second width (W2) different than 
the first width (W^. 

A method according to Claim 1 wherein the stair- 
step profile includes a plateau region (P) between 45 
the first (V^) and second (V2) portions of the via hole 
(42) having the first (W^) and second (W2) widths. 



9. A method according to Claim 5 wherein a thickness 
of the first passivation layer (30) is greater than a 
thickness of the mesa (20). 

10. A method according to Claim 5 wherein the first ma- 
terial comprises aluminum oxide. 

11. A method according to Claim 5 wherein the second 
material comprises silicon nitride. 

12. A method according to Claim 1 further comprising: 

fbmning a contact layer (26.27) on the at least a 
portion of the mesa surfoce (20B) free of the 
passivation layer. 

13. A method according to Claim 12 further comprising: 

forming a metal layer (50) on the contact layer 
(26.27) and on at least portions of the passlva- 
tk)n layer. 



A method according to Claim 2 wherein the plateau 
portion (P) Is substantially parallel to the substrate 
(12). 



14. A method according to Claim 1 3 wherein the contact 
50 layer (26.27) and the metal layer (50) comprises dif- 
ferent materials. 



A method according to Claim 1 wherein the first por- 
tion (VO of the via hole (42) having the first wklth 
(W^) Is between the second portion (V2) of the via 
hole (42) having the second width (W2), and the me- 
sa surface (208), and wherein the second wMth (W2) 
Is greater than the first width (W^). 



15. A method according to Claim 12 wherein a portion 
of the passivation layer extends on a portion of the 

55 contact layer (26.27) opposite the mesa surface 

(208). 

16. A method according to Claim 12 wherein the contact 
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layer (26,27) extends onto at least a portion of the 
passivation layer opposite the substrate (12). 

17. A method according to Claim 1 wherein the semi- 
conductor structure includes a P-type layer and an 
N-type layer wherein at least a portion of the P-type 
layer and/or the N-type layer is Included In the mesa. 

18. A semiconductor device comprising: 

a substrate (12); 

a semiconductor structure on the substrate (12), 
the semiconductor structure defining a mesa 
(20) having a mesa surface (20B) and mesa 
sidewails (20A) between the mesa surfoce 
(206) and the substrate (12); and 
a passivation layer on the mesa sidewails (20A) 
and on the substrate (12) adjacent the mesa 
sidewails (20A), the passivation layer having a 
via hole (42) therein so that at least a portion of 
the mesa surfece (20B) Is free of the passivation 
layer, characterised In that the via hole (42) 
defines a stair-step profile such that a first por- 
tion (V^) of the via hole (42) has a first width (W^ ) 
and a second portion (V2) of the via hole (42) 
has a second width (W2) different than the first 
width (W^). 

19. A semiconductor device according to Claim 18 
wherein the stair-step profile includes a plateau re- 
gton (P) between the first (V^) and second (V2) por- 
tions of the via hole (42) having the first and second 
widths. 

20. A semiconductor device according to Claim 19 
wherein the plateau portion (P) is substantially par- 
allel to the substrate (12). 



24. A semiconductor device according to Claim 22 
wherein the first material comprises aluminum oxide. 

25. A semiconductor device according to Claim 22 
5 wherein the second material comprises silicon ni- 
tride. 

26. A semiconductor device according to Claim 22 
wherein the second material comprises a material 

10 that can be etched preferentially with respect to the 
first material using a predetermined etch chemistry. 

27. A semiconductor device according to Claim 18 fur- 
ther comprising: 

15 

a contact layer (26,27) on the at least a portion 
of the mesa surfece (20B) free of the passivation 
layer. 

20 28. A semiconductor device according to Claim 27 fur- 
ther comprising a metal layer (50) on the contact 
layer (26,27) and on at least portions of the passiva- 
tion layer. 

25 29. A semiconductor device according to Claim 28 
wherein the contact layer (26.27) and the metal layer 
(50) comprise different materials. 

30. A semiconductor device according to Claim 27 
30 Wherein a portion of the passivation layer extends 

on a portion of the contact layer (26,27) opposite the 
mesa surface (208). 

31. A semiconductor device according to Claim 27 
3S wherein the contact layer (26,27) extends onto at 

least a portion of the passivation layer opposite the 
substrate (12). 



21. A semiconductor device according to Claim 18 
wherein the first portion (V^) of the via hole (42) hav- 
ing the first width ( ) is between the second portion 
(V2) of the via hole (42). having the second width 
(W2) and the mesa surface (208) and wherein the 
second width (W2) is greater than the first width (W^ ). 

22. A semiconductor device according to Claim 18 
wherein the passivation layer comprises a first layer 
(30) of a first material and second layer (40) of a 
second material different than the first material and 
wherein the first portion (V^) of the via hole (42) Is 
through at least a portion of the first layer (30) and 
wherein the second portion (V2) of the via hole (42) 
is through at least a portion of the second layer (40). 

23. A semiconductor device according to Claim 22 
wherein a thickness of the first passivation layer is 
greater than a thickness of the mesa. 



32. A semiconductor device according to Claim 18 
wherein the semiconductor structure includes a P- 
type layer and an N-type layer wherein at least a 
portion of the P-type layer and/or the N-type layer is 
included in the mesa. 



1. Verfehren zur IHerstellung einer Halbleitervonich- 
tung, wobel das Verfahren aufweist: 



Biiden einer l-lalblelterstruktur (14) auf elnem 
Substrat (12), wobei die Halbieiterstruktur (14) 
eine Mesa (20) definiert. welche eine Mesao- 
berfldche (208) und Mesaseitenwdnde (20A) 
zwischen der Mesaoberfiache (20) und dem 
Substrat (12) aufweist und 
Biiden einer Passivierungsschicht auf den Me- 
saseitenwdnden (20A) und auf dem Substrat 
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(12) neben den Mesaseitenwdnden (20A), wo- 
bei die Passlvlerungsschlcht (40) ein Durch- 
gangsloch (42) darin aufweist, so daf& minde- 
stens ein Teil der Mesaoberfldche (20B) frei von 
der Passlviemngsschicht 1st, dadurch gekenn- s 
zelchnet, daB das Durchgangsloch (42) ein 
Treppenstufenprofil definiert, so dafl ein erster 
Tell (V^) des Durchgangslochs (42) eine erste 
Breite (W^) auNveist und ein zweiter Tell (V2) 
des Durchgangslochs (42) eine zweite Breite 10 
(W2) aulweist, die von der ersten Breite (W^) 
verschieden 1st. 

2. Verfehren nach Anspruch 1, dadurch gekenn- 
zelchnet, daB das Treppenstufenprofil einen Pia- is 
teaubereich (P) zwischen den ersten (V^) und zwel- 

ten (V2) Teilen des Durchgangslochs (42), welche 
die ersten (W^) und zweiten (W2) Brelten aufweisen, . 
au^A^lst. 

20 

3. Verfehren nach Anspruch 2, dadurch gekenn- 
zelchnet, daft der Piateaubereich (P) im wesentli- 
chen parallel zu dem Substrat (12) 1st. 

4. Verfahren nach Anspruch 1, dadurch gekenn- 25 
zelchnet, dafi der erste Teil (V^) des Durchgangs- 
lochs (42), weicher die erste Breite (W^) aufweist, 
zwischen dem zweiten Teil (V2) des Durchgangs- 
lochs (42), das die zweite Brette (W2) aufweist, und 
der Mesaoberfldche (20B) liegt und wobel die zweite 30 
Breite (W2) grOBer ist als die erste Breite (W^). 

5. Verfahren nach Anspruch 1, dadurch gekenn- 
zelchnet, daB die Passlvlerungsschlcht eine erste 
Schlcht (30) aus einem ersten Material und eine 35 
zweite Schlcht (40) aus eInem zweiten Material, wel- 
ches von dem ersten Material verschieden ist, auf- 
weist und wobel der erste Tell (V^ ) des Durchgangs- 
lochs (42) durch mindestens eInen Tell der ersten 
Schlcht (30) geht und wobel der zweite Teil (V2) des ^0 
Durchgangsloch (42) durch mindestens einen Tell 
der zweiten Schlcht (40) geht. 

6. Verfehren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB das Bilden der Passlvlerungsschlcht ^ 
ein Atzen der zweiten Schlcht (40) aus dem zweiten 
Material aufweist, wobel eine Atzchemie verwendet 
wird, welche das zweite Material der zweiten Schlcht 
(40) bevorzugt gegenOber dem ersten Material der 
ersten Schlcht (30) dtzt. so 

7. Verfahren nach Anspruch 6, dadurch gekenn- 
zelchnet, daB der erste Tell (V^) des Durchgangs- 
lochs (42) durch mindestens den Tell der ersten 
Schlcht (30) gebildet wIrd bevor die zweite Schlcht ss 
(40) aus dem zweiten Material gebildet wird. 

8. Verfahren nach Anspruch 6, dadurch gekenn- 



zelchnet, daB der erste Teil (V^) des Durchgangs- 
lochs (42) durch mindestens den Teil der ersten 
Schlcht (30) gebildet wIrd nach dem Bilden der zwei- 
ten Schlcht (40) aus dem zweiten Material. 

9. Verfahren nach Anspruch 5, dadurch gekenn- 
zelchnet, daB eine Dicke der ersten Passlvlerungs- 
schlcht (30) grdltor Ist als eine Dicke der Mesa (20). 

10. Verfahren nach Anspruch 5, dadurch gekenn- 
zelchnet, daB das erste Material Aluminlumoxld 
auAA/eist. 

11. Verfahren nach Anspruch 5, dadurch gekenn- 
zelchnet, daB das zweite Material Slllclumnitrld auf- 
weist. 

12. Verfahren nach Anspruch 1 darQber hinaus mit: 

Bilden einer Kontaktschlcht (26, 27) auf minde- 
stens einem Teil der von der Passlvlerungs- 
schlcht frelen Mesaoberfldche (20B). 

13. Verfahren nach Anspruch 12 darQber hinaus mIt: 

Bilden eIner Metailschicht (50) auf der Kontakt- 
schlcht (26, 27) und mindestens auf Teilen der 
Passlvlerungsschlcht. 

14. Verfahren nach Anspmch 13, dadurch gekenn- 
zelchnet, daB die Kontaldschlcht (26, 27) und die 
Metailschicht (50) verechiedene Materlallen aufwei- 
sen. 

15. Verfahren nach Anspruch 12. dadurch gekenn- 
zeichnet, daB sich ein Teil der Passlvlerungsschlcht 
auf einen Tell der Kontaktschlcht (26, 27) gegenOber 
der Mesaoberfiache (20B) erstreckt. 

16. Verfahren nach Anspruch 12, dadurch gekenn- 
zelchnet, daB sIch die Kontaktschlcht (26, 27) auf 
mindestens einen Teil der Passlviemngsschicht ge- 
genOber dem Substrat (12) erstreckt. 

17. Verfahren nach Anspruch 1, dadurch gekenn- 
zelchnet, daB die Halblelterstmktur eine Schlcht 
vom P-Typ und sine Schlcht vom N-Typ aufweist, 
wobel mindestens ein Teil der Schlcht vom P-Typ 
und/oder der Schlcht vom N-Typ In der Mesa ent- 
halten Ist. 

18. Halbleltervonichtung mIt: 

eInem Substrat (12), 

einer Halblelterstnjktur auf dem Substrat (12). 
wobei die Halblelterstruktur eine Mesa (20) de- 
finiert. welche eine Mesaoberfldche (20B) und 
Mesaseitenwdnde (20A) zwischen der Mesao- 
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berfldche (20B) und dem Substrat (12) aufweist 
und 

einer PassMemngsschicht auf den Mesaseiten- 
wdnden (20A) und dem Substrat (1 2) neben den 
Mesaseitenwdnden (20A), wobei die Passivie- 
rungsschicht ein Ourchgangsloch (42) darin auf- 
weist und wobei mindestens ein Tell der Me- 
saoberfldche (20B) frei von der Passivlerungs- 
schicht ist, dadurch gekennzetchnet, daft das 
Durchgangstoch (42) ein Treppenstufenprofii 
aulWelst, so dal& ein erster Tell (V^) des Durch- 
gangslochs (42) eine erste Breite (W^) aufweist 
und ein zweiter Tell (V2) des Durcligangslochs 
(42) eine zweite Breite (W2) aufweist, die von 
der ersten Breite (W^) verschleden ist. 

19. Halbieitervorrichtung nach Anspmch 18, dadurch 
gekennzelchnet, daft das Treppenstufenprofii el- 
nen Piateaubereich (P) aufweist zwischen ersten 
(V^) und zweiten (V2) Teilen des Durchgangslochs 
(42), welche die ersten und zweiten Brelten auA/vei- 
sen. 

20. IHalbieitervorrichtung nach Anspmch 19, dadurch 
gekennzeichnet, daft der Piateaubereich (P) im 
wesentlichen parallel zu dem Substrat (12) ist. 

21. Halbleitervonichtung nach Anspruch 18, dadurch 
gekennzeichnet daft der erste Teii (V^) des Durch- 
gangslochs (42). welches die erste Breite (W^) auf- 
weist, zwischen dem zweiten Teii (V2) des Durch- 
gangslochs (42), das die zweite Breite (W2) aufweist, 
und der Mesaoberfldche (20B) liegt und wobei die 
zweite Breite (W2) grOOer Ist als die erste Breite (W^ ). 

22. Halbleitervonichtung nach Anspruch 18, dadurch 
gekennzeichnet, daft die Passivierungsschicht ei- 
ne erste Schicht (30) aus einem ersten Material und 
eine zweite Schicht (40) aus einem zweiten Material, 
das von dem ersten Material verschleden ist, auf- 
weist und wobei der erste Tell (V^ ) des Durchgangs- 
lochs (42) durch mindestens einen Teii der ersten 
Schicht (30) geht und wobei der zweite Toil (V2) des 
Durchgangslochs (42) durch mindestens einen Teii 
der zweiten Schicht (40) geht. 

23. Halbleitervonichtung nach Anspruch 22. dadurch 
gekennzeichnet, daft eine Dicke der ersten Passi- 
vierungsschicht grOitor ist ais eine Dicke der Mesa. 

24. Halbleitervonichtung nach Anspruch 22, dadurch 
gekennzeichnet, daft das erste Material Aluminl- 
umoxid aufweist. 

25. Halbieitervorrichtung nach Anspmch 22. dadurch 
gekennzeichnet, daft das zweite Material Sillclum- 
nitrld aufweist. 



26. Halbleitervonichtung nach Anspmch 22, dadurch 
gekennzeichnet, daft das zweite Material ein Ma- 
terial aufweist, das gegenOber dem ersten Material 
bevorzugt gedtzt warden kann, wobei eine vorbe- 

5 stimmte Atzchemie verwendet wird. 

27. Halbleitervonichtung nach Anspmch 1 8 darOber hln- 
aus mit: 

10 einer Kontaktschlcht (26. 27) auf dem minde- 

stens einen von der PassMemngsschicht freien 
Tell der Mesaoberfldche (20B). 

28. Halbieitervomchtung nach Anspmch 27 darOber hin- 
15 aus mit einer Metallschlcht (50) auf der Kontakt- 
schlcht (26, 27) und mindestens auf Teilen der Pas- 
sivlemngsschlcht. 

29. Halbleltervon-lchtung nach Anspmch 28, dadurch 
20 gekennzeichnet, daft die Kontaktschlcht (26. 27) 

und die Metallschlcht (50) verschledene Materiaiien 
aufwelsen, 

30. Halbleitervonichtung nach Anspmch 27, dadurch 
2S gekennzeichnet, daft sich ein Tell der PassMe- 
mngsschicht auf einen Tell der Kontaktschlcht (26, 
27) gegenOber der Mesaoberfldche (20B) erstreckt. 

31. Halbteitervanichturtg nach Anspmch 27, dadurch 
30 gekennzeichnet, daft sich die Kontaktschlcht (26, 

27) auf mindestens einen Tell der Passivlemngs- 
schlcht gegenOber dem Substrat (12) erstreckt. 

32. Halbleitervonichtung nach Anspmch 18, dadurch 
35 gekennzeichnet, daft die Halbleiterstmktur eine 

Schicht vom P-Typ und eine Schicht vom N-Typ auf- 
weist, wobei mindestens ein Tell der Schicht vom P- 
Typ und/oder der Schicht vom N-Typ In der Mesa 
enthaiten Ist. 

40 

Revendlcatione 

1 . Proc6d6 pour former un dispositif seml-conducteur, 
45 le proc6dd comprenant : 

former une stmcture de seml-conducteur (14) 
sur un substrat (12), la stmcture de seml-con- 
ducteur (14) d^finissant un mesa (20) ayant une 
50 surface mesa (20B) et des parols latdrales me- 

sas (20A) entre la surface mesa (20) et le subs- 
trat (12) ; et 

former une couche de passivation sur les parols 
latdrales mesas (20A) et le substrat (12) adja- 
55 centauxparois lat^rales mesas (20A), la couche 

de passivation (40) ayant un trou d'intercon- 
nexion (42) de sorts qu'au moins une partie de 
la surface mesa (20B) est sans couche de pas- 
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sivation, caract6rl86 en ce que le trou d'inter- 
connexion (42) d6finlt un profil cr6nel6 de sorte 
qu'une premidre partie (V^) du trou d'intercon- 
nexion (42) comporte una premidre largeur ( ) 
at una saconde partia (V2) du trou d'intarcon- s 
naxlon (42) comporte une seconda largeur (W2) 
dlffdrente de la premidre largeur (W^). 



est supdrieure d Tdpalssaur du mesa (20). 

1 0. Proc6d6 salon la ravendlcatlon 5, dans lequel le pre- 
mier matdrlau comprend de I'oxyde d'alumlnium. 

11. Proc6d6 salon la revendication 5, dans lequel le se- 
cond matdrlau comprend du nltrure de slliclum. 



2. Proc^dd salon la revendication 1 , dans lequel le pro- 
fil crdneld inclut une region plateau (?) entre les pre- 10 
mi^re (V^) et seoonde (V2) parties du trou dlnter- 
connexlon (42) ayant les premldre (W^) et seconde 
(W2) largeurs. 

3. Proc6dd selon la revendication 2, dans lequel la par- is 
tie plateau (P) est substantiellement paralldle au 
substrat(12). 



12. Proc6d6 selon la revendicatbn 1, comprenant en 
outre : 

former une couche contact (26, 27) sur la au 
molns une partie de la surface mesa (20B) sans 
couche de passivation. 

13. Proc6d6 selon la revendication 12, comprenant en 
outre : 



4. Prooddd selon la revendication 1 , dans lequel la pre- 
miere partie (V^ ) du trou d'interconnexion (42) ayant 20 
la premiere largeur (W^) est entre la seconde partie 
(V2) du trou d'interconnexion (42) ayant la seconde 
largeur (W2) et la surface mesa (20B), et dans lequel 

la seconde largeur (W2) est plus grande que la pre- 
miere largeur (Wf). 25 

5. Precede selon la revendication 1 , dans lequel la cou- 
che de passivation comprend une premiere couche 
(30) d'un premier materiau et une seconde couche 
(40) d*un second materiau different du premier ma- 30 
teriau et dans lequel la premiere partie (V^) du trou 
d'interconnexion (42) est e travers au moins une par- 
tie de la premiere couche (30) et dans tequel la se- 
oonde partie (V2) du trou d'interconnexion (42) est 

e travers au moins une partie de la seconde couche 35 
(40). 

6. Precede selon la revendication 5, dans lequel former 
la couche de passivation comprend attaquer la se- 
conde couche (40) du second materiau utilisant une ^ 
attaque chimique qui attaque le second materiau de 

la seconde couche (40) de preference par rapport 
au premier materiau de la premiere couche (30). 



former une couche metallique (50) sur la couche 
contact (26. 27) et sur au moins des parties de 
la couche de passivation. 

14. Procede selon la revendication 13, dans lequel la 
couche contact (26, 27) et la couche metallique (50) 
comprennent differents materlaux. 

15. Precede selon la revendication 12, dans tequel une 
partie de la couche de passivation s'etend sur une 
partie de la couche contact (26, 27) opposee d la 
surfece mesa (20B). 

16. Precede selon la revendication 12, dans lequel la 
couche contact (26, 27) s'etend sur au molns une 
partie de la couche de passivation opposee au subs- 
trat(12). 

17. Precede selon la revendication 1, dans lequel la 
structure de semi-conducteur indut une couche de 
type P et une couche de type N dans lesquelles au 
molns une partie de la couche de type P et/ou la 
couche de type N est Induse dans le mesa. 

18. DIspositif semi-conducteur comprenant : 



7. Precede selon la revendication 6, dans lequel la pre- 
miere partie (V^) du trou d'interconnexion (42) est 
fomnee d travers au moins une partie de la premiere 
couche (30) avant de fonmer la seconde couche (40) 
du second materiau. 

8. Procede selon la revendication 6, dans lequel la pre- 
miere partie (V^) du trou d'interconnexion (42) est 
formee d travers au moins la partie de la premiere 
couche (30) apres formation de la seconde couche 
(40) du second materiau. 

9. Procede selon la revendication 5. dans lequel une 
epaisseur de la premiere couche de passivation (30) 



45 unsubstrat(12): 

une structure de semi-conducteur sur le substrat 
(12), la structure de semi-conducteur definls- 
sant un mesa (20) ayant une surface mesa (208) 
et des parols laterales mesas (20A) entre la sur- 

so face mesa (208) et le substrat (12) ; et 

une couche de passivation sur les parols late- 
rales mesas (20A) et sur le substrat (12) adja- 
cent aux parols laterales mesas (20A), la couche 
de passivation ayant un trou d'interconnexion 

ss (42) de fagon d ce qu'au moins une partie de la 

surface mesa (208) est sans couche de passi- 
vation, caracterfse en ce que le trou d'inter- 
connexion (42) deflnit un profil crenete de sorts 
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qu'une premiere partie (Vi) du trou d'interoon- 
nexlon (42) a une premiere largeur (W^) et une 
seconde partie (V2) du trou d'interconnexion 
(42) a une seconde largeur (W2) diffdrente de 
la premldre largeur (W^). 

1 9. Disposltif de seml-conducteur selon la revendicatlon 

18, dans lequel le profll cr6net6 Inclut une region 
plateau (P) entre les premiere (V^) et seconde (V2) 
parties du trou d'interconnexton (42) ayant les pre- 
nnidre et seconde largeurs. 

20. Disposltif de semi-conducteur selon la revendicatlon 

1 9. dans lequel la partie plateau (P) est substantlel- 
lement paralldle au substrat (12). 

21 . Disposltif de semi-conducteur selon la revendicatlon 
18, dans lequel la premiere partie (V^) du trou d'in- 
terconnexion (42) ayant la premiere largeur (W^ ) est 
entre la seconde partie (V2) du trou d'interconnexion 
(42) ayant la seconde largeur (W2) et la surface mesa 
(20B), et dans lequel la seconde largeur (W2) est 
plus grande que la premiere largeur (W^). 

22. Disposltif de semi-oonducteur selon la revendicatlon 
18, dans lequel la couche de passivation comprend 
une premldre couche (30) d'un premier matdriau et 
une seconde couche (40) d'un second mat^rlau dif- 
ferent du premier matdrlau etdanslequella premiere 
partie (V^) du trou dinterconnexlon (42) est d travers 
au molns une partie de la premiere couche (30) et 
dans lequel la seconde partie (V2) du trou d'inter- 
connexion (42) est d travers au moins une partie de 
la seconde couche (40). 

23. Disposltif de semi-conducteur selon la revendicatlon 
22, dans lequel une dpaisseurdela premiere couche 
de passivation (30) est sup6rieure d une dpalsseur 
du mesa. 

24. Disposltif de semi-conducteur selon la revendicatlon 
22, dans lequel le premier matdriau comprend de 
I'oxyde d'alumlnium. 
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partie de la surface mesa (20B) sans couche de 
passivation. 

28. Disposltif de semi-conducteur selon la revendicatlon 

27, comprenant en outre une couche m6talllque (50) 
sur la couche contact (26, 27) et sur au molns des 
parties de la couche de passivation. 

29. Disposltif de semi-conducteur selon la revendicatlon 

28, dans lequel la couche contact (26, 27) et la cou- 
che mdtallique (50) comprennent diffdrents mat6- 
rlaux. 

30. Disposltif de semi-conducteur selon la revendlcation 
27, dans lequel une partie de la couche de passiva- 
tion s'dtend sur une partie de la couche contact (26, 
27) oppos6e d la surface mesa (20B). 

31 . Disposltif de semi-conducteur selon la revendicatlon 
27, dans lequel la couche contact (26, 27) s*6tend 
sur au moins une partie de la couche de passivation 
opposde au substrat (12). 

32. Disposltif de semi-conducteur selon la revend Icatlon 
18, dans lequel la structure de semi-conducteur in- 
clut une couche de type P et une couche de type N 
dans lesqueltes au molns une partie de la couche 
de type P et/ou la couche de type N est incluse dans 
le mesa. 



25. Disposltif de semi-conducteur selon^a revendicatlon 45 
22, dans lequel le second matdrlau comprend du 
nitrure de slllcium. 



26. Disposltif de semi-conducteur selon la revendlcation 

22. dans lequel le second matdrlau comprend un so 
mat^riau qui peut dtre attaqud de preference par rap- 
port au premier materiau en utillsant une attaque chl- 
mlque prdddtermlnee. 

27. Dispositifdesemi-conducteurseion la revendlcation ss 
18. comprenant en outre : 

une couche contact (26, 27) sur au molns une 
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FIG. 2B 
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FIG. 3 
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FIG. 4 
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FIG. 5B 



220A 



20 



EP 1 573 870 B1 




FIG. 5D 
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